Blood-borne markers of fatigue such as Creatine Kinase (CK) and Urea (U) are widely used 3 to fine-tune training recommendations. However, predictive accuracy is low. A possible 4 explanation for this dissatisfactory characteristic is the propensity of athletes to react with 5 different patterns of fatigue indicators (e.g. predominantly muscular (CK) or metabolic (U)). 6
INTRODUCTION: 27
The decisive difference in performance separating the winner from a challenger is generally 28 tiny in today's competitive sports, in particular among elite athletes (1). As such, maximising 29 training adaptation by fully utilising the limits of bearable training load is critical for success. 30
However, such an approach is associated with the risk of accumulating fatigue, non-31 functional overreaching and ultimately the overtraining syndrome (21). Therefore, 32 monitoring of fatigue and recovery is an important aspect in the regular fine-tuning of 33 training recommendations in competitive sports. 34 form of illness or injury. All participants gave a written consent to take part in the study; for 100
Copyright ª 2016 National Strength and Conditioning Association Four, well studied, routine parameters of fatigue and recovery were selected as outcome 108 measures for the study (26) . These parameters were chosen due to their potential to form 109 logical and meaningful pairs (ratios) (26). These include, CK which represents the muscular 110 and U which represents the metabolic aspects of fatigue (17), as well as, FT and C of which 111 the ratio has been previously established as a marker of the anabolic / catabolic balance (25) . Blood samples were transported immediately to the laboratory for appropriate procedures. 126 Serum tubes were centrifuged at 2,500 revolutions per min for 10 min and aliquoted in 1 ml 127 tubes. CK and U were measured immediately in singlicate assays, using a Unicel DxC600 128 synchron clinical system (Beckmann Coulter GmbH, Krefeld, Germany). The remaining 129 aliquots were frozen within 1 h from sampling and stored frozen at -80°C until analysis. After 130 completion of the respective training phase, FT (measured in duplicate, whereby the mean of 131 the two values were used for analysis) and C (singularly) were measured using a commercial 132 ELISA an Access 2 Immunoassay System (Beckman Coulter, California, USA) measured kit 133 (Labor Diagnostika Nord, Nordhorn, Germany). Blood concentrations are expressed in 134 'commonly used' clinical units (CK, U/L; U, mg/dl; C, µg/dl; FT, ng/ml). For standardised 135 units listed as follows are the conversion factors: 136 U-mg/dl to nmol/l = x0.357 137 C -µg/dl to nmol/l = x27.59 138 FT -ng/ml to nmol/l = x3.50 139
140
Prior to blood collection, each participant completed the Acute Recovery and Stress Scale 141 (ARSS) (12) to confirm that indeed the weeks of training did cause a sensation of perceived 142 fatigue. 143
144

Statistical analysis 145
Statistical analysis was conducted using SPSS v21.0 (SPSS inc., Chicago, USA). Normal 146 distribution was checked using the Shapiro Wilks tests. Although for some outcome measures 147 this test was slightly above the significance level for certain time points, the distributions 148 from the respective histograms were not skewed. Therefore, parametric procedures were 149 applied throughout. Descriptive statistics are presented as means and standard deviations 150
Copyright ª 2016 National Strength and Conditioning Association A C C E P T E D Individual patterns in blood-borne indicators of fatigue 7 (SD). A mixed linear model was fit to the data for inferential testing and estimation of 151 between and within-subject variability, respectively (random effect: subject ID; fixed effects: 152 fatigue status (Monday vs. Friday) and training period (LIHV vs. HILV)). Mean coefficients 153 of variation (CV) were calculated to analyse the between-week reproducibility of measured 154 values (separately for fatigued and recovered states, respectively) and their fatigue induced 155 changes. All CV analyses were conducted using a macro from a published Microsoft Excel 156 Spreadsheet (10). CVs were calculated separately for LIHV and HILV respectively. Students 157 paired T-tests were used to compare Monday and Friday questionnaire results for both LIHV 158 and HILV, significance was set at an alpha (P) level ≤0.05. 159
160
The proceedings for the analysis of response patterns are illustrated in Figure 3 . This novel 161 approach was designed to allow for the transparent and reproducible operationalisation of the 162 initial research question. Firstly Monday-to-Friday differences (Friday (fatigued) minus 163
Monday (recovered)) were calculated for each individual parameter (∆CK and ∆U, ∆FT and 164 ∆C, respectively). The respective ratios (∆CK/∆U; ∆FT/∆T) based on changes in the 165 individual parameters categorised by their magnitude were then created. The upper / lower 166 limits for the extreme categories were set at mean difference ± 2 SD. To characterise the 167 pairwise response pattern, the ratios of categorised changes in CK and U, as well as for FT 168 and C, were calculated. Overall, group-based reproducibility of ratio values (∆CK/∆U, 169 ∆FT/∆C) was assessed using CV as described above. Individual cases were then evaluated by 170 whether the ratio consistently fell into the same range during all weeks of a training phase. 171
The authors deemed any value ≥1.1 indicated a CK or FT response and a value of ≤0.9 172 indicates a U or C response from their respective pairs. 173 Friday, the week was excluded from the analysis. In total nine CK values were excluded. 187
188
RESULTS: 189
The results of the ARSS indicated that during the LIHV phase each of the eight dimensions 190 were significantly different between Monday (rested) and Friday (fatigued) P = <0. 05. 191 During the HILV phase dimensions one to six and eight were significantly different between 192
Monday (rested) and Friday (fatigued) P = <0.05, moreover, there was a trend of significance 193 for dimension seven P = 0.06 194
195
The characteristics of the subjects included in the analysis were; age 18 ± 3 y, height 177 ± 7 196 cm, mass 67 ± 9 kg. No significant differences were found between swimmers and triathletes 197 variability from total variability is 45% for CK, 57% for U, 51% for FT and 57% in C. 222 Table 2 Ratios of categorised responses (bivariate response patterns) are displayed in Table 3 . 228
Athletes with a consistent pattern within a training phase are highlighted in degrees of grey. 229
Case-wise analysis indicated consistent ∆CK/∆U patterns for seven individuals in LIHV and 230 seven in HILV; five responded consistently throughout. For ∆FT/∆C the number of 231 consistent patterns was two in the LIHV and three in the HILV phase. Selected exemplary 232 spider diagrams conveying patterns including all four parameters, using their categorised 233 values are displayed in figures 5a, 5b, 5c and 5d. These indicate a visual interpretation over 234 an array of blood-borne parameters. 235 236 Table 3 on a two-dimensional concept of fatigue. In other words, changes in fatigue status were 286 mainly quantified as "more" or "less" fatigue with little attention to qualitative differences in 287 fatigue states (25). However, mere quantification may not be sufficient to fully characterise 288 the fatigue status of athletes who may not only be "more" or "less" but also "differently" 289
fatigued. An explanatory example is the relationship between the muscular aspect of fatigue, 290 reflected by an increase in CK (as a result from accumulated membrane damage; as 291 compared to metabolic fatigue reflected e.g. by an increase in urea (as a result of limited 292 carbohydrate availability and protein turnover) (17). The ∆CK/∆U ratio makes this 293 qualitative aspect of fatigue measurable. By contrast the components of the ∆FT/∆C ratio 294 reflect the same aspect of fatigue (anabolic-catabolic balance) and the ratio is established in 295 order to increase contrast and facilitate detection. However, it remains to be seen whether and 296 to which extent the analysis of these ratios can be established across varying other training 297 stimuli and sports. 298 As previously stated, the two-dimensional approach to fatigue could prove to be insufficient 300 in the overall quality of an athletes fatigue level. Furthermore, the use of few parameters to 301 monitor this fatigue could also prove to be insensitive in said fatigue determination. The plots 302 It is beyond the scope of this study to uncover the causes for the observed inter-individual 320 differences in patters of fatigue markers. However, it seems plausible that determinants 321 include subject-inherent factors such as muscle fibre distribution. Totsuka et al., (23) 322 previously showed that those athletes with a lower cross-sectional area of the quadriceps 323 femoris muscle were "high responders" in CK production. Other inter-individual differences 324
Copyright ª 2016 National Strength and Conditioning Association warranted to further our current understanding of the fatigue and recovery spectrum in 328 regards to the specific nature not only of certain disciplines but also of each individual athlete 329 (9). 330 331 Given the novelty of the approach, this study bears some of the limitations typical for a field-332 based proof-of-concept trial. Due to the observational character of the study, the 333 opportunities for standardisation and control were limited to the training and blood sampling. 334
The behaviour of subjects outside the normal training routines could not be controlled, 335 comparable to circumstances during routine training periods. The lack of standardisation 336 outside the training bouts became apparent with some CK values on Mondays being clearly 337 higher in comparison to the preceding Friday. This is most probably due to unaccustomed 338 spare time activities during the weekend. To alleviate this issue and avoid skewed results, 339
Monday CK values were excluded from analysis when the value compared to the preceding 340
Friday was higher than the expected random variability indicated by the CV (nine cases). 341
While this added to the complicacy of the analyses and led to a loss in analysable data, non-342 standardised spare time activity is commonplace even in elite sports. Therefore, this study 343 design contributes to the external validity of the obtained results. 344
345
In sport science the "gold standard" for evaluating fatigue is testing the maximal, discipline 346 specific ability of an athlete and noting differences in occasion (26). Less physically 347 demanding exercise based measures such as exercise heart rate at submaximal workloads or 348 jump height have also been published (13, 22) . However, as any exercise tests interferes with 349
Copyright ª 2016 National Strength and Conditioning Association absence of previous published work) a narrow and symmetrical "neutral zone" for the 365 respective ratio was combined with a strict notion of "consistent" (above (≥1.1) or below 366 (≤0.9) neutral for all weeks studied) this had been fixed a priory by the research team. The 367 aim was to ensure contrast between response types while avoiding to be overly restrictive in 368 the classification of individual weeks. A systematic evaluation of different cut-off values may 369 be warranted in the future but requires follow-up studies with a higher number of subjects. 370
Assessing consistency of larger patterns by visual inspection of the respective spider 371 diagrams bears a preliminary character due to subjective component. However, in some cases 372 there was an undisputable similarity of patters within a training phase. In larger follow-up 373 trials, quantification of this similarity may be attempted using e.g. neural networks. Note: Creatine kinase (CK), Urea (U), Cortisol (C) and Free-testosterone (FT); Monday (Mon), Friday (Fri); Low intensity high volume training phase (LIHV), High intensity low volume training phase (HILV). *P = <0.05.
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Creatine kinase (CK), Urea (U), Cortisol (C) and Free-testosterone (FT). Mondays (Mon), Fridays (Fri) and differences (∆). Low intensity high volume training phase (LIHV), High intensity low volume training phase (HILV).
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